Animals use a vast array of chemicals to communicate with others. How such signals originate is poorly known. Now a study traces the emergence of a signal from a metabolic product and the evolution of its behavioural significance.
In mammals, urine is far from a mere waste product. Mammalian urine contains dozens of chemical signals -either secondary metabolites or genetically encoded peptides -that can inform other animals, of the same or different species, about identity, age, and sexual status of the donor. But not only that, these signals can also control physiology and behaviour, such as timing of puberty and oestrus or male-male aggression [1] . Where do these chemicals come from and how do animals evolve the mechanisms to recognize these chemicals as relevant signals? In a recent issue of Current Biology, Stephen Liberles and colleagues [2] offer a first sniff into these questions, by tracing the production and preference for a chemical signal, trimethylamine (TMA), across closely related species of mice.
Breaking Bad Smell
To humans, TMA smells very distinct, or more bluntly, it stinks! The smell is reminiscent of rotten fish or a public urinal at the Oktoberfest. Despite these unfortunate olfactory associations, TMA is normally not found in fresh human urine; it only forms as a decay product. In the urine of male house mice (Mus musculus), however, Liberles and colleagues [2] found that TMA was the most abundant volatile organic compound, while it was virtually absent from the urine of females.
TMA is detected by a subset of neurons in the main olfactory epithelium that express the chemoreceptor TAAR5, a member of the trace amine-associated receptor (TAAR) family [3] . Compared to the large family of canonical odorant receptors [4] , the TAAR family is small, with only 14 members in the mouse, and similar numbers in other mammals.
Mammalian TAARs detect volatile amines, a class of compounds that typically elicit aversive behavioural reactions [3] . So what about the behavioural meaning of TAAR5 and its ligand TMA?
The sex-specific presence of TMA exclusively in male urine would, at first sight, seem to suggest that it might be a sexual pheromone, much like other compounds found specifically in male mouse urine, such as (methylthio)-methanethiol, which elicits female attraction [5] . But surprisingly, Liberles and colleagues [2] found that male and female lab mice (M. musculus) respond in much the same way to TMA: they are both attracted to it, at least at the concentrations it is found in mouse urine (at very high, unphysiological concentrations mice are repelled by it). So either TMA is a very kinky sex pheromone that attracts both sexes alike or it serves an altogether different function.
If TMA is not a sex pheromone, perhaps it has something to do with communication between species, much like, for instance, 2-phenylethylamine. This amine, which in the mouse is also detected by a TAAR, is specifically found in the urine of carnivores, and used by mice and rats (Rattus norvegicus) to identify the presence of predators [6] . Indeed, Liberles and colleagues found a possible hint suggestive of a role in interspecies signalling, namely that the presence of TMA in urine is quite a unique feature of house mice ( Figure 1 ). The urine of M. musculus males contains about 1000-fold more TMA than that of any closely related species of the genus Mus. More distantly related mice or rats (Rattus norvegicus) have no detectable TMA in their urine, as measured by a TAAR5 bioassay. This species-specific presence of TMA in the urine of house mice is highly suggestive of, for instance, a signal indicating species identify to con-specifics, but some caution is warranted. For one, the mice tested were all kept on identical lab diets, so we don't know how titres of TMA, which is derived from dietary compounds, would look in the wild. And second, the various strains of mice typically used in laboratories worldwide actually have no exact counterpart in the wild, as they are derived from a mix of hybrids between up to three subspecies (or possibly species) of Mus. So, future students of TMA probably will have to investigate the chemical in wild mice.
The enrichment of TMA in the urine of male M. musculus looks like an evolutionary innovation that occurred specifically in this lineage of mice. How did it come about? In humans, TMA is metabolized by gut bacteria from choline, a quaternary ammonium salt and an essential nutrient found in many foods. In the liver, the TMA is converted into trimethylamine-N-oxide (TMAO) through flavin-containing monooxygenase 3, or FMO3 [7] . Unlike TMA, TMAO is odourless, and it is the form in which TMA is excreted in human urine. The importance of this pathway is illustrated by a rare human condition, trimethylaminauria, in which FMO3 is defective. In the affected individuals TMA builds up in the body, leaving the patients with a most unpleasant, socially debilitating body odour, which has led to the disease being referred to as 'fish malodour syndrome' [7] .
Is the build-up of TMA in the urine of male mice also due to FMO3? Liberles and colleagues [2] found that the FMO3 enzyme, which is highly expressed in the female liver, is downregulated in males at 4-5 weeks of age, thus leading to a build-up of TMA. How this downregulation of FMO3 in males evolved is at present not clear. It is conceivable that either transcription factors or the cis-regulatory elements of the FMO3 gene must have been altered in the lineages leading to M. musculus. Identifying the molecular causes of changed TMA production, though tedious, will be a prerequisite to understanding the evolutionary dynamics of TMA production, especially whether there was selection for it. That evolution acting upon biosynthetic enzymes can generate behavioural interactions has previously been nicely illustrated in moths, where allelic variation in a fatty-acyl reductase involved in pheromone synthesis has caused reproductive isolation [8] .
A U-turn for Urine TMA has the ghastly smell of rotten fish. There is even a biological basis for this association: in marine fish, TMAO is used as an osmolyte that counteracts the effects of external osmotic pressure [9] . When the fish dies, TMAO is subject to bacterial reduction, which frees TMA, causing the typical fish fetor [10] . If we follow the logic that the perceptual valence indicates something about the meaning of this smell, TMA, in general a characteristic by-product of degradation, would certainly signal something bad, i.e. rotten and potentially harmful food. But one animal's loss may be another animal's gain, and so animals with a fondness for putrefaction may rely upon TMA to locate suitable resources. This notion is neatly illustrated by some plants relying on deception for pollination actively producing TMA to lure carrion insects into performing transfer of pollen [11] . The aversive nature of TMA is also evident from its presence in the defensive secretions of certain snakes, where it presumably serves an anti-predatory function [12] .
TMA clearly has an aversive ring, or stink, to it. This also holds true for rats, which Liberles and colleagues [2] show to be repelled by TMA in male mouse urine. Liberles and colleagues didn't investigate how TMA acts on other, closely related members of the genus Mus, so we don't yet have a way of knowing at which stage this preference reversal took place and whether it preceded or followed the metabolic changes leading to excretion of TMA in urine. But how did this change in the behavioural response to an odour come about? One possibility is that the preference for TMA could be learned. Mice could simply associate the TMA smell with positive reinforcers provided, say, through the presence of their conspecifics. It would be interesting to know whether raising mice in the absence of TMA could alter their preference for this odour. That learned odours can play an important role for social interactions was the upshot of a recent study [13] that found that suckling behaviour in mice is initiated by 'signature odours' that don't have an inherent meaning and are learned by association with the mother.
Alternatively, the change in TMA preference might be innate and thus involve a change at some stage of olfactory processing. One of the few instances where altered odour preference has been understood in molecular detail comes from our own species [14] . Different people perceive the smell of the steroid androstenone, a derivative of testosterone, either as pleasantly floral or unpleasantly sweaty. This perceptive difference is correlated with the genotype at the locus coding for the odorant receptor that responds to androstenone. The individuals perceiving the smell as unpleasant have receptors with a lower sensitivity to androstenone. However, in the case of TMA, the difference in preference of the odour between mice and rats seems independent of the TAAR5 detection threshold, which is roughly the same for both the mouse and the rat version of TAAR 5, at least when tested in vitro [2] . Thus, the reason for the different preference must probably be sought somewhere else in the circuit. It will be interesting to pinpoint where in the mouse brain this change in valence took place.
The question remains as to what TMA really does signal, and how it did become an attractant in house mice? We can only speculate at this point. Perhaps TMA's original meaning was a warning of spoiled food, like the recently discovered geosmin in flies [15] ? And perhaps then mice, having turned into human commensals, became less dependent on such a signal in their new habitat. Or perhaps the fact that rats, important predators of mice, are repelled by TMA created an olfactory safe haven that house mice exploited? TMA is certainly an unusual compound in that it elicits attraction that is not obviously sex-related. It therefore provides a potential entry point into the circuits that mediate such species-specific attraction. No doubt, future students of this fascinating system, like all good scientists, will be attracted by the many question marks, and not repelled. Visual Attention: A Cell that Focuses on One Object at a Time
A new study has identified a remarkable neuron in the dragonfly brain that chooses and faithfully follows one and only one prey-like visual target, completely ignoring another, thereby demonstrating a form of competitive selection required for visual attention.
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The ability to focus our attention willfully is profoundly important to our everyday lives; we don't know much about the mechanism underlying such selective attention, and yet it occurs without any thought whatsoever. A classic example is the so-called cocktail party effect, in which a partygoer can selectively attend to a single voice among the din of many others [1] . Selective attention is a phenomenon so intuitive that one can readily imagine instances in which it must be operating either to focus on a single salient feature, as when a baseball batter tracks the image of a low fastball pitched against the visual backdrop of cheering fans and stadium lights, or to choose among identical distractors, as when a predatory fish plucks an individual from schooling prey.
As seemingly effortless and ubiquitous as selective attention may seem, understanding its neural basis is a spectacularly challenging problem. In human psychophysics experiments, researchers have generally taken a bottom-up approach to extract the specific features that enable a single object to be distinguished among distractors, such as the pitch and speaking cadence, gender, and direction from the observer in the case of the cocktail party effect [1] . Many areas of the brain that are involved in representing these features have been implicated in the process of selective attention [2] . A contrasting approach has considered the phenomenon in a top-down manner to test whether some defined experimental parameter space can potentially be recruited by an organism to shape selective attention [3] .
Numerous theories have emerged to explain how selective attention works, and each essentially adds layers of sophistication to encompass newly discovered capabilities. What is missing in the literature is a singular mechanistic manifestation of selective attention. Is the phenomenon so complex that it can only be demonstrated by a whole brain? Or by a self-contained circuit of brain cells? Or even by a single cell? A study reported in this issue of Current Biology [4] demonstrates that a neuron in the visual system of a dragonfly selectively encodes the motion of one visual target to the exclusion of another moving nearby.
The fundamental problem requiring selective attention by a dragonfly is illustrated by Figure 1 . These animals are aerial predators that pluck other flying insects out of the air one at a time. Under normal conditions in which prey are plentiful, the animal must engage the trajectory of one, and Prey path 1 Prey path 2 Average path Current Biology Figure 1 . The challenge faced by a dragonfly pursuing prey. The animal must choose which of two potential targets to chase and follow that path while completely ignoring the other, because combining or averaging all of the available visual information would surely result in a failed capture trajectory (black).
